Electric power is an important energy with the electric energy as the power, which is the basis for the operation of the national economy. Electric grid is a carrier of electric energy transmission, which is comprised by the transmission equipment, substation equipment, power distribution equipment and corresponding auxiliary system. The safe and stable operation of the electric grid is related to people's life, economic development and national security and social stability. In recent years, the speed of electric grid construction and development is very rapid. On the one hand, the scale of electric grid is bigger and bigger, the grid structure is more and more complicated, and the objective physical environment of the safe and stable operation of electric grid is changing greatly; on the other hand, the operation system of electric power system is undergoing profound changes, and the impact of separation of plant and network, energy saving and emission reduction and energy saving power generation dispatching, the formation of diversified investment environment on the electricity market and continuous advancement of the regional market on the safe, stable and economic dispatch operation of the electric grid is also increasingly emerging. Nowadays, the electric grid has become an interconnection whole. Interdependence between the subnets in the interconnected electric grid is increasingly serious, and the management is more complex, but the matching dispatch decision support system is lack of a unified technical support system. The current information system plays an important role in the dispatching production, but fails to meet the needs of security and stability control of the interconnected electric grid, quality economic operation and optimal allocation of resources [1] . Therefore, under a new dispatching environment, it is very difficult to accurately complete the modern electric grid security economic dispatch tasks only by relying on the improvement of the quality of dispatch decision teams and on the previous dispatch model. However 
RESEARCH BACKGROUND
Electric power is an important energy with the electric energy as the power, which is the basis for the operation of the national economy. Electric grid is a carrier of electric energy transmission, which is comprised by the transmission equipment, substation equipment, power distribution equipment and corresponding auxiliary system. The safe and stable operation of the electric grid is related to people's life, economic development and national security and social stability. In recent years, the speed of electric grid construction and development is very rapid. On the one hand, the scale of electric grid is bigger and bigger, the grid structure is more and more complicated, and the objective physical environment of the safe and stable operation of electric grid is changing greatly; on the other hand, the operation system of electric power system is undergoing profound changes, and the impact of separation of plant and network, energy saving and emission reduction and energy saving power generation dispatching, the formation of diversified investment environment on the electricity market and continuous advancement of the regional market on the safe, stable and economic dispatch operation of the electric grid is also increasingly emerging. Nowadays, the electric grid has become an interconnection whole. Interdependence between the subnets in the interconnected electric grid is increasingly serious, and the management is more complex, but the matching dispatch decision support system is lack of a unified technical support system. The current information system plays an important role in the dispatching production, but fails to meet the needs of security and stability control of the interconnected electric grid, quality economic operation and optimal allocation of resources [1] . Therefore, under a new dispatching environment, it is very difficult to accurately complete the modern electric grid security economic dispatch tasks only by relying on the improvement of the quality of dispatch decision teams and on the previous dispatch model. However, to establish the national, network and provincial distributed integrated share dispatch support Research on Distributed Electric Grid Economic Dispatch Model Based on Multi-objective Optimization decision support system by the use of advanced computer information technology processing means is essential.
REVIEW OF RELATED RESEARCHES
The traditional economic dispatch is a single-objective optimization problem based on the objectives of minimization of system energy consumption and maximization of economic benefit [2, 3] . Giving considerations to the new type of economic dispatch for the energy saving and environmental protection and economic benefit is a hot topic based on the multi-objective optimization problem. The domestic and foreign scholars have conducted in-depth researches on how to consider several mutually conflicted objectives from various aspects. The literature [4] summarized the hot spots of economic dispatch in the electric power system in recent years, and put forward a kind of economic dispatch model with considerations of environmental protection factors and economic benefits, and finally used the radial search mode algorithm for solving. S. Janornmanit et al. used BP artificial neural network to solve the economic dispatch with considerations of benefit and cost [5] . The literature [6] applied for the evolutionary programming to solve a new multi-objective optimization problem based on the considerations of minimum power generation cost and maximum economic benefit. The literature [7] used a multi-objective evolutionary algorithm to construct a practical economic dispatch model. The literature [8] proposed quadratic programming, nonlinear programming, gradient method, dynamic programming, iterative method and other methods, but without considering the unit's valve point effect and the unit's embargo area constraints. The literature [9] transformed the original non-convex optimization problem into a mixed integer quadratic programming issue through the transformation of the unit's embargo area constraints into a mixed integer linear equation and in equation. Amir Mohammadi et al. used an artificial neural network to solve an online economic dispatch problem [10] . Adhinarayanan Theertharmalai used a genetic algorithm and a particle swarm algorithm to establish the dynamic programming model for optimal distribution of the unit load, and used a dynamic programming method to calculate the economic dispatch of unit assembly unit, and solve the economic dispatch problems with the embargo area constraints, significantly improving the economic operation of power plants [11] .With the expansion of electric grid size and initial formation of region networking, the decomposition and coordination calculation and distributed optimization of interconnected large-scale systems have received more and more attention [12, 13] . Ma Ling proposed an improved dynamic programming method that can determine the economic dispatch of the thermal power plant load, which solved the "curse of dimensionality" of the dynamic programming method, and climbing speed constraint problems that are difficult to be resolved [14] . Hu Feixiong proposed an optimal algorithm and approximate algorithm for economic dispatch based on a simple ranking method [15] . Wu Aqin proposed a new method that can directly solve {0,1}-economic dispatch problem by using an interior point method and semi-definite programming principle, which can obtain more accurate results for most economic dispatch problems [16] . Wang Daojun applied for the quantum-behaved particle swarm algorithm (QPSO) to ED problem and demonstrated the feasibility of QPSO algorithm by experiments [17] . Due to the rapid expansion of the electric grid size, the economic operation of power systems presents high-dimensional, non-convex, discretization and other attributes. People have gradually realized that the previous optimization algorithms have not been suitable for the current economic dispatch problem.
The new economic dispatch model and the optimization algorithm are urgently needed. Based on a new economic dispatch model and a dispatch assistant decision support system of the optimization algorithm should be constructed and put into use as early as possible, in order to quickly support and meet the needs of modern electric grid dispatching and operation.
MULTI-OBJECTIVE ECONOMIC DISPATCH MODEL

Mathematical model
Under the background of the electricity market environment and environmental protection demand, the objective function of the electric grid security economic dispatch problem has become diversified. In addition to minimization of total power consumption of the whole network required by the traditional economic dispatch, there is also a need to reflect the maximization of economic benefit generated by the purchase and sales electricity price difference in the electricity trading, and minimization of emissions of polluting gas, such as CO 2 , SO 2 , NOx and so on. To sum up, the model:
Among them:
Satisfied feasible region:
In equation (5): N -number of power plants of the whole network in the model; M i -unit number of power plants; p k , p k,max and p k,min -active output, upper limit value of output and lower limit value of output of the unit k, with the unit of MW; ∆r i -purchase and sales electricity price difference related to the power plant i after conversion; a k , b k and c k -energy consumption coefficient of each generator unit; α k , β k , γ k , ξ k , λ k -polluting gas emission coefficient of each generator unit; d k , e k -coefficient value of the generator with valve point effect. The equation (2) is the economic benefit value caused by purchase and sales electricity price difference; equation (3) is the total energy consumption of the whole network; equation (4) is the total polluting gas emissions, taking into account the characteristics of environmental economic dispatch. In the equation (5) of constraints, the supply and demand balance of the electric grid load, the unit power characteristics, spinning reserve and other conditions are considered.
Description of model distribution
In the above model, distributed analysis is given to the model, in order to facilitate the decomposition and coordination calculation of the model.
(1) Distribution of power plants or units. By considering the partitioning of the electric grid, all power plants or units are divided into K sub-calculation areas (Z 1 , Z 2 , ..., Z k ), that is, any power plant or unit must belong to Z k . A virtual boundary node v k is introduced, which is responsible for passing the information or calculation results required for the calculation of each area, transfer of inter-area interconnection information, and mutual "duplication" of the equivalent virtual boundary nodes. In this way, each sub-area has a relative independence of the internal calculation, but also a global unity of calculation by relying on v k to carry out coordination. This paper only discusses the distribution of power plants.
(2) Distribution of objective functions. If x is a sys- 
. The objective function can be further rewritten as:
So:
[ ]
, the objective function with the distribution is as follows:
Equation (9) shows that the multi-objective optimization function of the whole network economic dispatch can be equivalent to a sum of multi-objective optimization function of each independent calculation area, but this model is more complicated. A simple approximate Newton direction can be constructed and a decoupling method based on approximate Newton direction can be used to realize the distributed calculation of this decomposition model. [18] establishes a linear correction equation set based on the nonlinear primal-dual interior-point method, and constructs the approximate Newton direction; if the decoupling condition is satisfied, the algorithm can have the characteristics of local linear convergence, and its calculation speed is faster than that of the nonlinear primal-dual interior-point method. Multi-area decomposition was carried out for the optimal model. But in the actual processing pro-cess, when an area is calculated, variables in other areas are simplified as constant for processing. Taking the two area systems as an example, the equation (9) is transformed into the following two optimization sub-problems.
Sub-problem 1:
Where, 1 2 x ,x -fixed constants, g i , h i -equality constraint and inequality constraint in the corresponding sub-area. To construct the approximate Newtonian direction, the nonlinear primal-dual interior-point method can be used for the equation (10) and (11) to obtain the correction equations. To transform the inequality constraint into equality constraint by introducing a slack variable, and eliminate the nonnegative constraint of the slack variable by introducing a logarithmic barrier function, and then augment the equality constraint to the sub-area objective function by using the Lagrangian method, taking the equation (10) as an example, the augmented Lagrangian function: 
In the equation (13) 
Definition of approximate Newton direction
According to the equation (14) , the following form can be obtained: 
Where,
where, Y 1g , S 1g and S 1h are respectively diagonal matrixes constructed by diagonal elements of the vector components of y1g, 1 1 (l h ), (u-h ) + . Equation (15) can be abbreviated as:
The above equation is a correction equation of equation (10) obtained by using the nonlinear primal-dual interior-point method. Similarly, the equation (11) can also obtain a correction equation of sub-problem 2:
Combined with equation (16) and (17):
The solution of the linear equation set (19) is defined as the approximate Newton direction of the original optimization model (10) and (11) . The convergence conditions of the optimization model can be judged by the decoupling sufficient condition given in the literature [18] . The key point of the nonlinear primal-dual interior-point method is the selection of the barrier parameter p, which tends to be zero at the optimal solution. Therefore, an appropriate correction strategy should be determined to gradually reduce the value of p. This paper uses the equation (21) provided in the literature [19] to determine the value of p.
.3 Optimization calculation in the partition
The above work achieves multi-area decoupling optimization, but each sub-partition needs to carry out the distributed optimization calculation of the whole network based on the independent partitioning optimization algorithm. In a sub-calculation area, multi-objective G i (x i ,ν bi ) is a typical multi-objective optimization problem (DMOPs) with distributed properties. In this paper, the Pareto optimal solution set in the partition G i (x i ,ν bi ) is defined as a temporary locally feasible solution set (PPS). The global Pareto optimal solution set (GPS) can be obtained only after the global iterative equivalence calculation. At present, the structure of the Pareto optimal solution set is, based on the dominance relations between individuals, specific to each generation of current evolutionary group, to obtain the optimal solution set of the current evolutionary group by using the evolutionary algorithm, and finally approach the real Pareto optimal solution set. Based on the spatial-distance multi-objective differential evolution algorithm (SD-MODE) proposed in the literature [20] , this paper adds a perturbation control to the generation of its new vector, adds the iterative calculation at the approximate Newton direction in each local optimization process, and uses amending operators to ensure that the experimental vector does not exceed the boundary range. Here, the improved evolutionary algorithm is applied to the optimization problem of G i (x i ,ν bi ) with the distributed population. Supposing that Gen i is an evolutionary algebra of G i (x i ,ν bi ), population size P i is NP i , temporary population size Pop i is NP i , mixed population size is 2NP i , NP i is the number of units involved in calculation in the sub-area. X ୧ୀ୩ ୨ is the individual of the k-th generation of population; the number of individual variables in the population P i is D i ; CR i is the crossover probability. Specific algorithm pseudo-code is as follows:
Optimization process of approximate Newton direction Newton (X ୧ୀ୩ ୨ )
Step 1: calculate the maximum value t ୧ୀ୩ ୨ of the correction for G i (x i ,ν bi ).
Step 2: return to the calculation results if t ୧ୀ୩ ୨ meets the convergence accuracy, or else go step 3.
Step 3: construct the matrix K ii , K, establish the correction equation.
Step 4: use LU decomposition method to obtain the approximate Newton direction ∆ of equation (19) . If ρ( K• K '-1 -I) <1, go step 7, or else go step 5.
Step 5: use the preprocessor K ' left multiplication equation (19) .
Step 6: solve the equation set K
• ψ with as an initial value.
Step 7: determine the correction step size, and calculate the state variable (x i ,ν bi ) in the partition, and then go step 1.
The algorithm obtains a temporary locally feasible solution set PPS, while the area boundary variable ν bi is calculated in each iteration process of equation (19) . The information of ν bi needs to be equivalent synchronous in the whole network, so as to facilitate the next round of the distributed iterative calculation. By using the asynchronous iterative equivalence model, after the asynchronous equivalence, the correction calculation result is the final global Pareto optimal solution set GPS.
Steps of distributed economic dispatch optimization
In summary, the steps of multi-objective distributed economic dispatch optimization calculation of the whole network are as follows:
Step 1: electric grid control partition, to divide the whole network into sub-calculation areas based on the principle of control partition and decomposition coordination.
Step 2: initialization, to transform the multi-objective optimization problem of the whole network into the multi-objective optimization problem in each sub-calculation area and initialize the value of the boundary variables.
Step 3: independent calculation of sub-calculation area, to use the differential evolution algorithm (SD-MODE) for iterative optimization to obtain the local temporary solution set.
Step 4: iterative equivalent calculation of the whole network, to use the asynchronous iterative mode to exchange the boundary data, that is, asynchronous duplicated information (x i ,ν bi ) in each adjacent partition.
Step 5: correction calculation, to substitute the results in step 3 and 4 into the equation (19) to obtain a global Pareto optimal solution set. The condition of the termination of calculation is whether a given error ε meets 1 , 2 , 
Analysis of calculation cases
In the actual operation, generally, an optimal compromise solution is chosen from the global Pareto optimal solution set, in order to meet the needs of the dispatch decision maker. Here, the optimal compromise solution can be determined according to the fuzzy set theory. The satisfaction degree of each objective function in each Pareto solution can be expressed by the fuzzy membership function, which is defined as follows:
Then, the equation (20) can be used to calculate the normalized satisfaction degree of each solution in the global Pareto optimal solution: h = (h p +h c +h e )/3 (21) After the calculation, Pareto optimal solution with a maximum value of h is determined as the optimal compromise solution of the model, and the dispatcher can make assistant decisions according to the selected solution. Here, taking the following electric system as an example, the number of power plants N=5, number of units M=12, total demand of system load P Demand = 1000MW, K=2 sub-calculation areas, the distribution of the number of units and the partition settings are shown in Table 1 . Under the background of the unit performance data of a certain place provided by a power dispatching and communication center in a province, the participating model is selected to calculate the parameters used, as shown in Table 2 . Where, ∆r i -expected purchase and sales electricity price difference converted with the power plant i in a certain period of time; a i , b i , c i -energy consumption coefficient of the generator unit in the power plant i; α i , β i , γ i , ξ i , λ i -coefficient of polluting gas emissions of the generator unit in the power plant i; d i , e i -coefficient value of the generator unit with valve d i point effect in the power plant i; p i,min , p i,max -upper and lower limits of active power output of the generator unit in the power plant i. Through the distributed calculation platform provided by matlab, by using the multi-threaded distributed parallel calculation tool (DCT) of its 64-bit Solaris platform, the calculation environment is constructed by the operation of two local matlab sessions, in order to carry out experimental simulation.
The results of independent calculation of each sub-area by using the distributed multi-objective optimization method mentioned in this chapter are shown in Table 3 and Table 4 . In order to verify whether the distributed calculation method proposed in this paper is valid, EPELD, EPEED and other system non-partitioning methods provided in the literature [21] are used for direct calculation. Under the condition of same parameters, the comparative data statistical experiment is analyzed, and the results are shown in Figure 1 , Figure 2 and Figure 3 , respectively.
As can be seen from Figure 1 , Figure 2 , and Figure  3 , in the case of the same system model parameters, sub-area calculation results are basically the same as the unified calculation results of the whole network. The methods mentioned in this paper obtain greater economic benefit, smaller unit energy consuming costs and lower polluting gas emissions on the calculation results. 
CONCLUSION
This paper researches the distributed electric grid economic dispatch model based on multi-objective optimization theory and its algorithm solving. The model not only considers the applicable objective functions from multiple perspectives, but also can flexibly meet the requirements of control partitioning of electric grid dispatch layering distribution. In the algorithm, it first uses the multi-area distributed calculation method based on the approximate Newton direction and the improved differential evolution algorithm for independent optimal calculation in the sub-area, and then uses asynchronous iterative information synchronization mechanism to realize unified correction calculation of the whole network. Finally, the results of calculation cases show that the independent calculation results of the area and unified calculation results of the whole network are basically the same, indicating that this method can achieve a good result.
